ABSTRACT Hypertension affects a large proportion of urban African-American older adults. While there have been great strides in drug development, many older adults do not have access to such medicines or do not take them. Mindfulness-based stress reduction (MBSR) has been shown to decrease blood pressure in some populations. This has not been tested in low-income, urban African-American older adults. Therefore, the primary purpose of this pilot study was to test the feasibility and acceptability of a mindfulness-based program for low income, minority older adults provided in residence. The secondary purpose was to learn if the mindfulness-based program produced differences in blood pressure between the intervention and control groups. Participants were at least 62 years old and residents of a low-income senior residence. All participants were African-American, and one was male. Twenty participants were randomized to the mindfulness-based intervention or a social support control group of the same duration and dose. Blood pressure was measured with the Omron automatic blood pressure machine at baseline and at the end of the 8-week intervention. A multivariate regression analysis was performed on the difference in scores between baseline and post-intervention blood pressure measurements, controlling for age, education, smoking status, and anti-hypertensive medication use. Effect sizes were calculated to quantify the magnitude of the relationship between participation in the mindfulness-based intervention and the outcome variable, blood pressure. Attendance remained 980% in all 8 weeks of both the intervention and the control groups. The average systolic blood pressure decreased for both groups post-intervention. Individuals in the intervention group exhibited a 21.92-mmHg lower systolic blood pressure compared to the social support control group post-intervention and this value was statistically significant (p=0.020). The average diastolic blood pressure decreased in the intervention group postintervention, but increased in the social support group. Individuals in the intervention group exhibited a 16.70-mmHg lower diastolic blood pressure compared to the social support group post-intervention, and this value was statistically significant (p=0.003). Older adults are at a time in life when a reflective, stationary intervention, delivered in residence, could be an appealing mechanism to improve blood pressure. Given our preliminary results, larger trials in this hypertensive study population are warranted.
INTRODUCTION
Despite years of public health interventions, the development and widespread use of effective medications, and a public health emphasis on identifying the causes and consequences of hypertension, blood pressure continues to be elevated in 59.5% of African-Americans. 1 Hypertension results in significant morbidity in the form of congestive heart failure 2 and stroke, 3 and increases the risk of premature mortality, 4 suggesting the need to develop sustainable, low-cost, and effective interventions to engage participants at risk, such as African-American older adults. This paper reports the pilot study of just such an intervention. Currently, there is evidence to suggest that mindfulness meditation can lower blood pressure; [5] [6] [7] therefore, we elected the implementation of a mindfulness-based program in a Baltimore City senior housing facility. Rooted in Buddhist tradition and formally developed by Jon Kabat-Zinn 8 in 1979, mindfulness-based stress reduction (MBSR) programs are founded upon an active awareness of physical and mental states and teach participants to concentrate on breathing, and to relax their minds and bodies. While there has been some research on meditation and blood pressure, [5] [6] [7] there have been few randomized clinical trials. To our knowledge, there are no mindfulness-based trials targeting hypertension in older adults, who are at the highest risk and therefore, may have the greatest benefit.
Previous trials of mindfulness-based programs have demonstrated their efficacy in improving psychological and physiological health outcomes in both healthy and clinical populations. A meta-analysis of MBSR in patients with chronic medical diseases showed positive effects on depression, anxiety, and psychological distress in people with chronic somatic diseases. 9 Additionally, a meta-analysis of healthy adults who participated in MBSR showed reduced self-reported stress levels in healthy young and middle-aged adults. 10 In addition to improved psychosocial health, MBSR has also improved physiological outcomes. Using a heterogeneous patient sample, investigators found that patients who participated in an 8-week MBSR program showed significant improvements in the inflammatory marker, C-reactive protein (CRP), as well as anxiety and overall distress post-intervention. 11 Furthermore, research has demonstrated that meditation practice counters the effect of physiologic stress responses by decreasing respiratory rates, total peripheral vascular resistance, and cortisol, the prototypical biological indicator of stress and aging. 12 All of these effects led us to hypothesize that MBSR might lower blood pressure in low-income, older African-American adults.
Although trials of MBSR have shown that it is a successful health promotion program, existing trials have had substantial limitations. MBSR trials to date have primarily included only young and middle-aged working adults 13 or adolescents.
14 Minimal evidence exists for the efficacy of MBSR programs with older adults. The few MBSR studies that have included older adults are limited to older individuals with lower chronic back pain. 15 MBSR interventions have been most commonly implemented in specific clinical populations, such as cancer patients, 16 individuals with chronic pain, 17 transplant patients, 18 or individuals with rheumatoid arthritis; 19 however, these studies did not evaluate the impact of the age of the participants, or biological markers that may predict healthier aging. In addition, most of these studies were also conducted outside of the patient's home. One MBSR interventional study did report an improvement in the quality of life and reduction in symptoms of depression among nursing home residents; however, this study was conducted in nursing home residents residing in Germany, and did not examine the impact of the intervention on hypertension risks. 20 To address previous gaps in mindfulness-based research, this study was undertaken in a sample of in-residence, low-income African-American older adults, who are at high risk for hypertension and in need of low-cost interventions, but have not been systematically studied with regards to the effect of mindful-based interventions.
The primary aim of this pilot study was to test the feasibility of a mindfulnessbased intervention, based on the principles and practices of the MBSR program, to develop mindfulness and social and emotional skills, and to decrease blood pressure in a sample of low-income, urban African-American older adults.
METHODS

Design
This pilot study was a prospective randomizedc ontrolled trial of an adaptation of a mindfulness-based intervention, called ELDERSHINE. Participants were recruited to participate from a low-income senior housing facility in Baltimore City. This site had not previously been exposed to any mindfulness programs. Inclusion into the study was restricted to African-Americans aged 62 years or older who were living in the building at the time of the baseline interview and had no plans to move. All participants enrolled in the study spoke English. We did not exclude individuals on anti-hypertensive medications but did account for medication use in the analyses. Participants who met these inclusion/exclusion criteria and who completed the consent form and baseline questionnaires were randomized to either the 8-week ELDERSHINE intervention or a social support control group. All subjects were followed-up through the 8-week program and re-evaluated post-intervention using the same questionnaires administered at the baseline interview.
Sample
This study was approved by the Johns Hopkins University Institutional Review Board. African-American older adults aged 62 years or older were recruited from a Baltimore City senior housing facility to be a part of the mindfulness-based ELDERSHINE program. Participants were informed about the study through informational sessions, flyers, and tabling at the facility. Interested participants were first fully informed of the study and the process of randomization in which they would have an equal chance of being selected into the mindfulness-based intervention or social support control group. Once informed consent was received, those choosing to participate underwent a baseline assessment. Subsequently, participants were randomized to either the mindfulness-based intervention or social support control group. All participants were compensated for their time with a $25 gift card upon completion of each survey time point (baseline and 8 weeks).
Twenty subjects consented and enrolled in the study. Of the 20 subjects, 12 were randomized to the intervention group and eight were randomized to the social support group. The groups were not expected to be balanced due to the small pilot sample size (Table 1) .
Measures
Basic demographic information including birth date, race, number of years of education completed, and smoking history was collected at baseline. Perceived stress was also collected at baseline. 21 Outcome measurements were obtained before randomization and after completion of the 8-week group sessions. All outcome measures were assessed for both the mindfulness-based intervention and social support control groups. The outcome assessment included blood pressure measurements.
Blood Pressure To measure their blood pressure, participants were instructed to sit quietly for 5 minutes while three blood pressure measurements were taken on their right arm, each separated by 1 minute. All blood pressure measurements were recorded and the mean of the three measurements was calculated. Participant's blood pressures were measured using the OMRON HEM-907XL electronic blood pressure machine with four available cuffs sizes (from small adult to morbidly obese). 22 Participants were instructed to sit quietly, with their arm in a still position, and both feet uncrossed and on the floor to ensure an accurate measurement.
Intervention
The intervention, a mindfulness-based program called ELDERSHINE, was an 8-week curriculum designed to teach older adults how to manage their mental and physical health through mindfulness meditation and social and emotional skills development. All sessions were developed and implemented by an interventionist trained in MBSR through the Center for Mindfulness at the University of Massachusetts. The sessions were held once a week for 90 minutes and consisted of an opening meditation, sharing of successes, a review of home practices, a lesson to practice and apply mindfulness skills to self-care and interpersonal relationships, a guided breath meditation, a closing meditation, an invitation to do specific home practices, and a healthy fruit-and-vegetable snack. All activities were done in a group setting to allow individuals to learn and benefit from the experiences of others. The sessions took place in a group room on the first floor of the senior housing facility. Participants were seated in comfortable chairs during the meetings. Participants were called the night before as an attendance reminder and attendance was noted on the day of each session. A list of topics covered at the weekly sessions is displayed in Table 2 .
Control Group
The control group was a social support group. Designed to match the time frame and attention received by the intervention group, the social support control group also convened for 90 minutes each week for 8 weeks. Two research assistants guided the group by recording attendance and introducing the topic to be discussed by members of the group, but no mindfulness teaching or practices were offered during these meetings. To initiate communication among participants, the research assistants provided pre-planned conversation starters that mirrored the topics in the intervention group. Following the session, participants were offered a fruit-andvegetable snack identical to the foods served to the intervention group. The sessions took place in a group room on the first floor of the senior housing facility. Participants were seated comfortably during the meetings. Participants were called the night before as an attendance reminder and attendance was noted on the day of each session.
Fidelity
A research fidelity plan was developed for this study based on the NIH behavior change consortium. 23 The design of the study included interventions that were distinct and based on theory. Group training was conducted using an intervention manual and separate interventionists for each group. To ensure a successful delivery of the intervention, subjects were given reminder calls the night before and just prior to the intervention, and attendance was recorded by date and amount of time per session. Participant reception to the intervention was evaluated through observation by an additional member of the study team, and a checklist completed weekly to observe participant engagement in the group.
Analysis
Descriptive statistics were compared for individuals in the intervention and social support groups. Frequencies and percentages were used to summarize categorical data, and means, medians, and standard deviations were used to summarize continuous data.
We first conducted an unadjusted model comparing the changes in blood pressure measurements from baseline to post-intervention between the intervention and social support groups. This was followed by a multivariate regression analysis comparing the difference in blood pressure measurements from baseline to postintervention between the intervention and social support groups, adjusting for age, education, smoking status, and anti-hypertensive medication use.
Effect sizes were calculated to quantify the magnitude of the relationship between participation in the mindfulness-based intervention and the outcome variable, blood pressure. 
RESULTS
Subject Characteristics
As shown in Table 1 , there were no differences between the intervention and social support groups in demographic and clinical measures at baseline, including age, race, systolic blood pressure, heart rate, years of education, perceived stress and ever smoking status (all p90.1). At baseline, individuals in the intervention group exhibited a higher average diastolic blood pressure (p=0.049).Three participants were normotensive, and four participants were pre-hypertensive at baseline. Thirteen participants had hypertension, stage I (n=7) or stage II (n=6), at baseline. Eighteen participants were on an antihypertensive medication from one or more of the following classes of antihypertensive agents: ACE Inhibitors, Angiotensin II Receptor Blockers, Beta Blockers, Calcium Channel Blockers, and Diuretics. Two participants were on no medications and 18 were on an average of six medications. In addition to hypertension, the most common comorbid conditions included gastroesophageal reflux disease (GERD) (45%), high cholesterol (40%), diabetes (35%), and asthma/COPD (25%). Other less common conditions include gout, osteoporosis, and hypothyroidism. At the end of the 8-week intervention and social support group programs, 12 subjects remained in the intervention group and eight subjects remained in the social support group. Attendance at weekly group sessions remained 980% for all 8 weeks of both the intervention and the social support control groups. Table 3 reflects the absolute changes in systolic and diastolic blood pressures from baseline to follow-up in both the intervention and social support groups. Table 4 presents the findings for the multivariate regression comparing blood pressure measurements between the intervention and social support control groups. The average systolic blood pressure decreased for both groups post-intervention. Comparing the differences between post-intervention and baseline measurements, individuals in the intervention group exhibited a 21.92-mmHg lower systolic blood pressure compared to the social support control group and this value was statistically significant (p=0.020).At baseline, individuals in the intervention group had a higher average diastolic blood pressure compared to the social support group. The average diastolic blood pressure decreased in the intervention group postintervention, but increased in the social support group. Comparing the differences between post-intervention and baseline measurements, individuals in the interven- 
Comparison of Blood Pressure in the Intervention and Control Groups
DISCUSSION
Results from this pilot study provide preliminary evidence to suggest that 8 weeks of the mindfulness-based ELDERSHINE program improves blood pressure outcomes in low-income, urban African-American older adults. Compared to individuals in the social support group, those who participated in the intervention program had a lower mean systolic and diastolic blood pressure post 8-week intervention. These pilot results are consistent with previous studies that examined the effectiveness of mindfulness-based interventions. Although this study was undertaken in a different study population, it supports previous studies that show that mindfulness-based interventions result in reductions in blood pressure readings in samples of breast cancer survivors, 5 type II diabetics, 6 and breast and prostate cancer patients. 7 In addition, our pilot results show that the mindfulness-based ELDERSHINE program is feasible to implement in a low-income housing residence center that serves older adults. Attendance at all eight weekly sessions was 980% with active participation from most participants. Participants in both groups had positive experiences to share about the study. Utilizing information from a short questionnaire asking participants about their overall study experience, participants stated, "I wait the whole week for ELDERSHINE," and "ELDERSHINE is my safety net."
Previous studies of mindfulness-based interventions have been primarily undertaken in specific populations of clinical patients. This is one of the first studies to test whether MBRS can decrease blood pressure in low-income African-American older adults with high hypertension prevalence but who are not a specific clinical population. Based on our findings, low-income individuals, who often suffer from chronic psychological stress, do benefit from participating in this mindfulness-based program. We have shown in this study that low-income African-American older adults with no specific clinical history can exhibit reduced blood pressure.
The results from this study provide evidence for the utilization of this low cost intervention to potentially improve blood pressure. All sessions were developed and implemented by an interventionist trained in MBSR through the Center for Mindfulness at the University of Massachusetts. The interventionist, who has more than 15 years experience with Mindfulness-based programs, has developed a trainthe-trainer module that allows for cost-effective translation of this program.
Limitations
There is the possibility of contamination across study groups. Three factors indicate that this is not a problem in this study design. First, in the 3 years that this program was offered at another Baltimore senior housing facility (not for research purposes), no one outside the program initiated a meditation practice as a result of conversations with program members. Second, in the follow-up interviews with the social support-control group participants, no participants reported practicing aspects of the intervention. Third, if the social support group participants did practice aspects of the intervention and failed to report it at the follow-up interview, it would undermine our ability to detect a difference between groups. However, we did find a significant difference between the groups.
Conclusion
Given our preliminary results for the benefits of learning and practicing mindfulness, larger trials in this at risk study population are warranted. Even with a small sample size, this study provides evidence for improved blood pressure for low-income African-American older adults participating in a mindfulness-based intervention. These findings suggest that the large disparities in health outcomes between individuals of lower and higher socioeconomic strata may be narrowed with increased access to health promotion programs, such as ELDERSHINE, for lowincome individuals.
